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Abstract 

The top-pair production in association with a Z^-boson at a photon-photon col- 
hder is an important process in probing the coupling between top-quarks and vector 
boson and discovering the signature of possible new physics. We describe the impact 
of the complete super symmetric QCD(SQCD) next-to-leading order(NLO) radiative 
corrections on this process at a polarized or unpolarized photon collider, and make 
a comparison between the effects of the SQCD and the standard model(SM) QCD. 
We investigate the dependence of the lowest-order (LO) and QCD NLO corrected cross 
sections in both the SM and minimal supersymmetric standard model(MSSM) on col- 
liding energy ^/s in different polarized photon collision modes. The LO, SM NLO and 
SQCD NLO corrected distributions of the invariant mass of ti-pair and the transverse 
momenta of final Z^-boson are presented. Our numerical results show that the pure 
SQCD effects in 77 — > process can be more significant in the -|- + polarized 

photon collision mode than in other collision modes, and the relative SQCD radiative 
correction in unpolarized photon collision mode varies from 32.09% to —1.89% when 
^/s goes up from 500 GeV to 1.5 TeV. 

PACS: 12.60.Jv, 14.70.Hp, 14.65.Ha, 12.38.Bx 
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I. Introduction 



Although the standard model(SM)[Tl [2] has achieved great success in describing all the 
available experiment data pertaining to the strong, weak and electromagnetic interaction 
phenomena, the elementary Higgs-boson, which is required strictly by the SM for sponta- 
neous symmetry breaking, remains a mystery. Moreover, the SM suffers from some con- 
ceptional difficulties, such as the hierarchy problem, the necessity of fine tuning and the 
non-occurrence of gauge coupling unification at high energies. That has triggered an intense 
activity in developing extension models. The supersymmetric (SUSY) models can solve sev- 
eral conceptual problems of the SM by presenting an additional symmetry. For example, the 
quadratic divergences of the Higgs-boson mass can be cancelled by loop diagrams involving 
the SUSY partners of the SM particles exactly. Among all the SUSY extensions of the SM, 
the minimal supersymmetric standard model (MSSM)[3] is the most attractive one. Apart 
from the SUSY particle direct production, virtual effect of SUSY particle may also lead to 
observable deviations from the SM expectations. However, no direct experimental evidence 
of SUSY has been found yet. 

The top-quark is the heaviest particle discovered up to now|ll[5], which was discovered by 
the CDF and DO collaborations at Fermilab Tevatron ten years ago [6[ [7] . It implies that the 
top-quark probably may play a special role in electroweak symmetry breaking (EWSB), and 
the observables involving top-quark may be closely connected with new physics. A possible 
signature for new physics can be demonstrated in the deviation of any of the couplings 
between the top-quarks and gauge bosons from the predictions of the SM. Until now there 
have been many works which devote to the effects of new physics on the observables related 
to the top-quark couplings in some extended models[8], El ITO] . 

The International Linear Collider (ILC) [11] is an excellent tool to search for and investi- 
gate the extension models of the SM. The ILC is designed not only as an electron-positron 
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collider, but also it provides another option as a photon-photon collider. The photon-photon 
collider is achieved by using Compton backscattered photons in the scattering of intense 
laser photons on the initial e^e~ beams. With the new possibility of 77 collisions at linear 
colliders, the anomalous coupling between top-quarks and Z°-boson can also be probed by 
using 77 ttZ'^ process except via e+e" tiZ^ process[T21 US]- To detect a top-quark 
pair production associated with Z°-boson at the ILC, the 77 ttZ^ production channel 
has an outstanding advantage over e+e^ — > ttZ°process due to its relative larger produc- 
tion rate. The reason is that the e'^e~ tiZ^piocess has a s-channel suppression from the 
virtual photon and Z^ propagators at the tree-level, especially for the process with massive 
final particles [TU[T5j. To the high energy tiZ^ production process, the SUSY radiative cor- 
rections, especially the SUSY QCD (SQCD) corrections, may be remarkable. We therefore 
study the full SQCD next-to-leading order (NLO) corrections to tiZ^ production in polarized 
and unpolarized 77 collisions in this paper. 

In this work we calculate the NLO supersymmetric QCD corrections to the process 
77 tiZ^ in polarized and unpolarized photon-photon collision modes. We present also 
the calculation for the SM QCD NLO correction for comparison. The paper is arranged 
as follows: In section II we give the calculation description of the Born cross section. The 
calculations of full 0{as) SQCD and SM QCD radiative corrections to the 77 — tiZ^ process 
are provided in section III. In section IV we present some numerical results and discussion, 
and finally a short summary is given. 

II. LO calculation for 77 ttZ^ process 

The contributions to the cross section of process 77 tiZ^ at the leading order(LO) in 
the MSSM model are of the order 0{a1^) with pure electroweak interactions. We generally 
make use of the 't Hooft-Feynman gauge in the LO calculation, except in the calculation 
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Figure 1: The lowest order diagrams for the 77 ttZ^ process in both the SM and the 
MSSM model 

for the verification of the gauge invariance. There are totally six Feynman diagrams at the 
tree-level, which are generated by adopting FeynArts3.2 package [T6] and shown in Fig{Tl 
Each of these diagrams in Fig{T] includes a Z°-boson bremsstrahlung originating from top- 
quark(or anti-top quark) line. The Feynman diagrams in Fig{T] can be topologically divided 
into t-channel(Fig{T](a,b,c)) and u-channel(Fig{T]^d,e,f)) diagrams. 
The notations for the process 77 ttZ^ are defined as 



The photon polarizations Ai_2 can be ±1. 

By applying FeynArts3.2 package, each Feynman diagram in Fig{T] is converted into 
corresponding amplitude as expressed below. 



7(Ai,pi) + 7(A2,P2) ^ t(fci) + i{k2) + Z\h). 



(2.1) 



All their momenta obey the on-shell equations p\ = p\ = k\ = = m\ and k^ = m\. 
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X A2) (-1^2- 1^3 + mJ/(A;3) ("l- 75-^^2^] ^(A;2), (2.3) 



Mi'\x,,\2) = ^^y<- A-2 A-2 Mkiyih){i-i,~^s 



AswCw (ki + /cs) — (p2 — ^2) —"m 



X (|£i + |^3 + "^t)/(Pi,Ai)(;^2-|^2 + mt)/(p2,A2)t;(A;2), (2.4) 

where Qt = 2/3 and the corresponding amphtudes of the u-channel Feynman diagrams (shown 
in Fig{T]^d,e,f)) of the process 77 ttZ^ can be obtained by making following interchanges. 

M'i\XiA2) = A^f^(Ai,A2)(pi^P2,Ai^A2), -Mf^=-M?^(Ai,A2)(pi--P2,Ai^A2), 

M\1\\i, A2) = -Mf^Ai, A2)(pi ^ P2, Ai ^ A2). (2.5) 

Finally, the total amplitude at the lowest order can be obtained by summing up all the 
above amplitudes. 

-Mo(Ai,A2)= -^o^(Ai,A2). (2.6) 

i=a,b,c 

The 7 — 7 collisions have five polarization modes: + +,H — , — h, and unpolarized 

collision modes. The notation, for example, + — polarization represents the helicities of 
the two incoming photons being Ai = 1 and A2 = —1, respectively. The cross sections of 

the H and h photon polarizations (i.e., J=2) are equal, and also the cross sections of 

the + + and — — photon polarizations (i.e., J=0) are the same. Therefore, in following 
calculation we concentrate ourselves only on the cross sections in + +, H — and unpolarized 
photon-photon collision modes. 

The differential cross sections for the process 77 — > tiZ^ at the tree-level with polarized 
and unpolarized incoming photons are then obtained as 

spins 

dao{\i,\2) = iV,^ |A<o(Ai,A2)prf$3, (2.7) 

tiZ 
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(2.8) 



Ai,A2 ttZ 



where cto(Ai, A2) is the tree-level cross section for polarized incoming photons with helicities 
of Ai and A2 respectively, Nc = 3, and ctq is the Born cross section for unpolarized incoming 
photon beams. A^o(Ai,A2) is the tree-level amplitude of all the diagrams shown in Fig{T] 
with Ai and A2 polarized photon beams. The first summation in Eg. (12.81) is taken over the 
polarization states of incoming photons, and the second summation over the spins of final 
particles tiZ^. The factor ^ is due to taking average over the polarization states of the initial 
photons. (i$3 is the three-particle phase space element defined as 



III. NLO SUSY QCD corrections to the 77 ttZ^ pro- 



The calculation of the one-loop diagrams is also performed in the conventional 't Hooft- 
Feynman gauge. We use the dimensional regularization(DR) scheme to isolate the ultra- 
violet (UV) singularities. All the NLO SQCD corrections to the 77 — > tiZ^ process in the 
MSSM come from the virtual correction and real gluon emission correction. And their Feyn- 
man diagrams can be divided into two parts: one is the SM-like part, another is the pure 
SQCD part. We take the definitions of one-loop integral functions as in Ref . [TT] . and adopt 
FeynArts3.2 package[16j to generate the SQCD one-loop Feynman diagrams and relevant 
counterterm diagrams of the process 77 tiZ^ , and convert them to corresponding am- 
plitudes. The FormCalc4.1 package pE] is apphed to calculate the amplitudes of one-loop 
Feynman diagrams and get the numerical or analytical results. The relevant two-, three-, 
four- and five-point integrals are calculated by adopting our in-house programs developed 




(2.9) 
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from the FF package [T9]. these programs were verified in our previous works [T3l [201 [2T] . 
In these programs we used the analytical expressions for one-loop integrals presented in 
Refs.[22l ESI EH [25] . At the SQCD NLO, there are 954 one-loop Feynman diagrams being 
taken into account in our calculation, and we depict all the pentagon diagrams in Fig|2l 
FigsI2](a-f) are the SM-like pentagon diagrams, and FigsI2](g-l) are the pure SQCD pentagon 
diagrams. The amplitude of the process 77 — > ttZ^ including virtual SQCD corrections at 
0{as) order can be expressed as 

MsQCD = Mo + M''slcD- (3.1) 

where Ms'qcd is the renormalized amplitude contributed by the full SQCD one- loop Feyn- 
man diagrams and their corresponding counterterms. The relevant renormalization constants 
for top field and mass are defined as 

4 = (1 + ^5Z,^5QC^)^^ t^ = {l + ^SZ,%cD)t'', mt,o = mt + 6mt. (3.2) 

Taking the on-mass-shell renormalized condition we get the complete 0{as) SQCD contri- 
butions of the renormalization constants as 

asCp 
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where = 4/3, 6*4 is the scalar top mixing angle and B'q ^(p^, mf, ml) = 




Figure 2: The NLO SQCD pentagon Feynman diagrams for the process 77 —>■ tiZ^ in the 
MSSM model. The upper indexes in f^'^ run from 1 to 2 respectively, which represent physical 
mass eigenstates ti and t2- (a-f) are the SM-like pentagon diagrams, and (g-1) are the pure 
SQCD pentagon diagrams. 

The total renormalized amplitude for all the one-loop Feynman diagrams is UV finite 
and without collinear IR singularity, but still contains soft IR singularity. If we regularize 
the soft IR divergence with a fictitious small gluon mass, then the virtual contribution of 
0{al^as) order to the cross section of 77 tiZ^ process with polarized and unpolarized 
incoming photons can be expressed as[l] 
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(27r)'^N f 1 ^^^^^ 

^ ^ / -d$3 5^ 5^ Re \m\[\u\2)MYqcd{^xM\ , (3.7) 

'^^^^^ Ai,A2 ttZ 

where iVc = 3 and pi is spatial momentum in the center of mass system (c.m.s.) for one 
of the incoming photons. -^2) represents the renormahzed amphtude of all the 

SQCD NLO Feynman diagrams with Ai and A2 polarized incoming photons. The phase 
space integration for 77 — > ttZ° process is implemented by using 2to3.F subroutine in 
FormCalc4.1 package. We checked the UV finiteness of the whole contributions from the 
virtual one-loop diagrams and counterterms both analytically and numerically by adopting 
non-zero small gluon mass. The soft IR divergence in the process 77 — > is originated 
from virtual massless gluon corrections, which can be exactly cancelled by adding the real 
gluon bremsstrahlung corrections to this process in the soft gluon limit. The real gluon 
emission process is expressed as 

7(Ai,Pi) +7(A2,P2) ^ t(fci) +t(fc2) +^°(fc3) +^7(^4). (3.8) 

We split the energy region of the real gluon radiated from the top or anti-top-quark into soft 
and hard regions, and apply the phase-space-slicing method to isolate the soft gluon 
emission singularity for 77 ttZ^g process. That means the cross section for polarized 
photon beams can be decomposed into soft and hard terms 

Aa.ea/(Ai, A2) = AasoftiXi, X2) + Aa/,w(Ai, A2) = ao(Ai, X2){St'oft' + ^lard)- (3-9) 

Here we assume gluon being soft when Eg < AEg and hard when Eg > AEg, where AEg = 
6sEi,, Eg and Eb = are the gluon energy and the photon beam energy respectively. The 

differential cross section of 77 — >■ ttZ^g in soft gluon energy range can be written as [21 



21^1 



dAcrsoft(Ai, A2) = -dao(Ai, A2)7^ / 

J\k 



d^ki r ki A;2 "' ^ 



|fc4|<A_Bg 2/1:4 



(3.10) 



ki ■ ki k2 ■ ^4 

where the four-momentum of radiated gluon is denoted as /C4 = {Eg^ki). The soft con- 
tribution from Eg. (13. 101) has an IR singularity at = 0, which can be cancelled with 



that from the virtual gluon corrections exactly. Therefore, the sum of the virtual and soft 
gluon emission corrections, is independent of the fictitious small gluon mass rrig. The hard 
gluon contribution is UV and IR finite, and can be computed directly by using the Monte 



late the 0{al^^as) order contribution to the cross section for hard gluon radiation process 
77 — > ttZ^g . Finally, the corrected total cross section for the 77 — > ttZ^ in Ai, A2 polarized 
photon collisions(crj^oV^^) up to the order of 0{al^as), is obtained by summing up the 0{al^) 
Born cross section((To(Ai, A2)), the NLO SQCD virtual correction part(A(T„jrtwa/(Ai, A2)), and 
the 0{al^as) contribution from real gluon emission process 77 — ^ tiZ'^g {Aareaii^i, ^2))- 

^toi^^ = 0^o(Al, A2) + Aa-tot(Al, A2) = Cro(Ai, A2) + Aa-virtual(Al, A2) + A(Ji.oal(Al, A2) 



where Sgqjj-, is the full 0{as) SQCD relative correction to the 77 — > ttZ^ process with Ai, 
A2 polarized photon beams. 

IV. Numerical Results and Discussion 

In our numerical calculation, we take the relevant parameters as[2S]: aew(^z)~^ ~ 127.918, 
mw = 80.403 GeV, mz = 91.1876 GeV, rrit = 174.2 GeV, rriu = rrid = 66 MeV, sin^ Ow = 
1 — m^/m| = 0.222549, and the energy scale fi = rrit + \mz- There we use the effective 
values of the light quark masses (m^ and m^) which can reproduce the hadron contribution 
to the shift in the fine structure constant aow(^|)[30j. The 3-loop evolution of strong 
coupling constant ^^(yU^) in the MS scheme with parameters Ag-^ = 203.73 MeV ^ yielding 
af^(m|) =0.1176. 

In the MSSM, the mass term of the scalar top quarks can be written as 



Carlo method. We use our in-house 2 



4 phase space integration program to calcu- 




(3.11) 




(4.1) 
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where is the mass matrix of t squared, expressed as 



M 



2 



a\mt m^^ 



(4.2) 



and 



= M? + {I^^ - Qt sin^ 9w) cos 2/3m| + m^, 
rri-^ — + Qt sin^ 9w cos 2/3m| + , 
at = A-/^(tan/5)-2^'", (4.3) 

where Mq and are the soft SUSY breaking masses, If^ is the third component of the 
weak isospin of the top quark, and At is the trihnear scalar couphng parameter of Higgs-boson 
and scalar top-quarks, /i the higgsino mass parameter. 

The mass matrix A4t can be diagonalized by introducing an unitary matrix TZ^. The 

mass eigenstates ii, t2 are defined as 

ti \ f h \ ( cos9t smOi \ f h 



t2 J ^{tRj [ - sin 9i cos 4 )[tR ' ^^-^^ 



Then the mass term of scalar top quark t can be expressed 



where 



= ( il i* ) M],' ( I ) , (4.5) 



M\,' = 7^*M|7^* t = ( < ^0 ) . (4.6) 



The masses of ii, ^2 and the mixing angle Of are fixed by the following equations 



( 2 x A\ |2 2 



1/2' 



(4.7) 
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CompHEP 


CompHEP 


FeynArts 


FeynArts 


Grace 




Feynman Gauge 


Unitary Gauge 


Feynman Gauge 


Unitary Gauge 


Feynman Gauge 


ao (fb) 


0.11810(3) 


0.11809(3) 


0.1182(1) 


0.1182(1) 


0.11805(6) 



Table 1: The comparison of the resuhs for the tree-level cross section(cjo) of 
the process 77 tiZ^ with unpolarized photon beams, with ^/s = 500 GeV, 
mz = 91.1876 GeV and rrit = 174.2 GeV. The numerical results are ob- 
tained by using CompHEP-4.4p3(in both Feynman and unitary gauges), Fey- 
nArts3.2/FormCalc4.1(in Feynman and unitary gauges.) and GraceGrace2.2.1(in 
Feynman gauge) packages, separately. 

2\at\mt / „ X , s 

tan2^r = J ' \ , (0<et<7T). 4.8 
mj — mi 

In following numerical calculation at the SQCD NLO, we assume Mq = Mjy = Msusy = 
200 GeV and take At = 400 GeV, irtg = 200 GeV for the related supersymmetric parameters 
in default. In this case we have = 147.59 GeV and m^^ — 337.34 GeV. Furthermore, we 
take the gluino mass being rrig = 200 GeV, the IR regulator A = = 10~^ GeV^ and the 
soft cutoff 6s = AEg/Ef, = 2 X 10~^, if there is no other statement. 

The verification of the calculation for the tree-level cross section of process 77 —>■ tiZ^ in 
unpolarized photon collision mode, is made by adopting different gauges and software tools. 
In Tabled], we list these numerical results by taking = 500 GeV , and using CompHEP- 
4.4p3 program [31] (in both Feynman and unitary gauges), FeynArts3.2/FormCalc4.1 [161 
[18] (in Feynman and unitary gauges.) and Grace2.2.1 package [32] (in Feynman gauge only), 
separately. We can see the results are in mutual agreement within the Monte Carlo statistic 
errors. 

Theoretically the physical total cross section should be independent of the regulator A and 
soft cutoff 5s. We have verified the invariance of the cross section contributions at the SQCD 
NLO, Aaf^^^ = /\a^2ii^ + Aa^2fi2i^ within the calculation errors when the regulator A 
varies from 10"^ GeV"^ to 10"^ GeV"^ in conditions of 5^ = 2 x 10~^ and ^/s = 500 GeV. 
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Figure 3: (a) The 0{as) SQCD correction parts for cross section of 77 — > ttZ^ process as the 
functions of the soft cutoff 6s = AEg/Eb in conditions of rrig = 200 GeV, m^^ = 147.59 GeV, 
mi^ = 337.34 GeV, X = 10^^ GeV^ and = 500 GeV. (b) The amphfied curve marked 
with the calculation errors for Aa^^'"^ of Fig. 3 (a) versus 6s- 

We present the plots which show the relation between the 0{as) SQCD correction and soft 
cutoff 6s in Figsl3](a-b), assuming rrig = 200 GeV, m^_^ = 147.59 GeV, m^^ = 337.34 GeV, 
X = 10-1 GeV^ and y/s = 500 GeV. FigEKa) demonstrates that the curve for the total SQCD 
one-loop radiative correction, Aa^'^'-^^{= Aa^2'^i!li + ^'^fo/f^ + ^^hard^)^ independent 
of the cutoff 6s within the range of calculation errors as we expected. That is shown more 
clearly in Figl3](b), there the curve for Aa^^^^ is amplified in size and marked with the 
calculation errors. 

In FigJl^a) we present the LO, C>(a,) SQCD and SM-like QCD NLO corrected cross 
sections for the process 77 tiZ^ with unpolarized and completely + +, + — polar- 
ized photon beams, as the functions of colliding energy y/s in the conditions of nig = 
200 GeV, = 147.59 GeV and m^^ = 337.34 GeV. Their corresponding relative ra- 
diative corrections(5^«^^ = ^4^> ^saz-qcd ^ Aa^^'^-Qon ^ ^^^^^ FigSKb). We 
can see from Figs|l](a-b) that the LO, SQCD and SM-like QCD corrected cross sections are 
sensitive to the colliding energy when is less than 1 TeV, while increase slowly when 
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Figure 4: (a) The LO, SQCD and SM-like QCD one-loop corrected cross sections with + +, 
+ — polarized(with = 1.0 ) and unpolarized photon beams for the process 77 tiZ^ 
, as the functions of colhding energy -y/s with rrig = 200 GeV, m^^ = 147.59 GeV, m^^ = 
337.34 GeV. (b) The corresponding relative radiative corrections in different polarization 
photon collision modes versus a/s. 

^/s > 1.2 TeV. FiggKb) shows that the SQCD and SM-like QCD relative radiative cor- 
rections have large values in the vicinity where the colliding energy is close to the 
threshold due to Coulomb singularity effect. We list some typical numerical results read 
from Figs|4](a,b) in Table [21 In considering the photon beam polarization, we introduce the 
conception of the polarization efficiency of photon beam, which is defined as P-y{= ). 
We list the numerical results for + + and H — polarized photon collisions with = 1.0 and 
0.8 in Table [21 respectively. From FigHj^b) and Table [21 we can see clearly that the deviations 
of the NLO SQCD relative corrections from the corresponding SM QCD corrections in + + 
photon polarization collision mode, are much larger than in + — and unpolarized photon 
collision modes. 

In Figini^a) we show the curves of the LO, SQCD and SM-like QCD NLO corrected 
cross sections for the process 77 tiZ^ in unpolarized photon collision mode, as the 
functions of gluino mass with the colliding energy -^i = 600 GeV , the masses of scalar 
top-quarks niz = 147.59 GeV and mr = 337.34 GeV. Their corresponding relative radia- 
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polarization 






a^'«^'^(/6) 




(5*«^^(%) 


500 


None 


0.1181(1) 


0.1615(1) 


0.1560(1) 


36.75(2) 


32.09(2) 


P^++' = 1 


0.0799(1) 


0.1082(2) 


0.1027(1) 


35.42(2) 


28.53(2) 


p}^++> = 0.8 


0.0937(1) 


0.1274(3) 


0.1219(2) 


35.97(3) 


31.00(2) 


P)^ ' = 1 


0.1564(1) 


0.2150(2) 


0.2095(2) 


37.47(3) 


33.95(2) 


p!f-^ = 0.8 


0.1426(1) 


0.1956(3) 


0.1903(2) 


37.17(3) 


33.45(2) 


800 


None 


2.102(2) 


2.244(5) 


2.110(5) 


6.76(4) 


0.38(2) 


Pj++' = 1 


1.468(2) 


1.494(4) 


1.345(4) 


1.79(4) 


-8.33(2) 


P^-^+^ = 0.8 


1.696(3) 


1.763(5) 


1.619(5) 


3.95(5) 


-4.54(3) 


P}^-^ = 1 


2.737(3) 


2.987(5) 


2.869(5) 


9.13(4) 


4.82(2) 


Pj+-^ = 0.8 


2.509(3) 


2.718(3) 


2.595(5) 


8.33(5) 


3.43(3) 



Table 2: Some typical numerical results of the LO, SQCD and SM-like QCD cor- 
rected cross sections in different polarized photon collision modes, which are obtained 
from FigsJD^a-b). 

five corrections(5'^*^'"'^, 5'^^'^~'^*"^) as the functions of gluino mass are depicted in Figini(b). 
From these two figures we can see the pure SQCD NLO correction part always obviously 
counteracts the contribution from the SM-like NLO QCD correction in the whole plotted 
gluino mass range (100 GeV < rrig < 600 GeV), especially when gluino has relative small 
mass value. We can see that in Figini(a) and Fig|S](b) there are negative peak structures 
at the vicinity of rrig ~ 150 GeV respectively, where the mass values satisfy the relation 
~ rrig + rrit and the resonance effect takes place. 

The LO, SQCD and SM-like QCD one-loop corrected cross sections for the process 77 
ttZ^ in unpolarized photon collision mode, as the functions of the lighter scalar top-quark 
mass m^-^ are shown in FigJHl(a), and the corresponding relative radiative corrections(5'^*^'-^'^, 
^SM-QCD^ as the functions of m^^ are presented in FiglHI^b). There we take = 600 GeV ^ 
rrig = 200 GeV and m^^ = 337.34 GeV. Again these two figures show that the contribution 
from pure NLO SQCD correction partly cancels the NLO SM-like QCD correction when the 
varies in the range of [100 GeV, 400 GeV^]. The cancellation becomes more significant 
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Figure 5: (a) The LO, SQCD and SM-like QCD one-loop corrected cross sections in unpo- 
larized photon colhsion mode for the process 77 — > tiZ^ , as the functions of gluino mass 
with = 600 GeV, m^^ = 147.59 GeV and m^^ = 337.34 GeV. (b) The corresponding 
relative radiative corrections of Figl6](a) as the functions of gluino mass. 

when m^^ is less than 250 GeV. 

As we know that the distribution of transverse momentum of top-quark should be the 
same as that of anti-top-quark in the CP-conserving MSSM. Therefore, we shall not pro- 
vide the distribution of pip but only the pip. We depict the differential cross sections of 
transverse momentum of top-quark at the LO, up to SQCD NLO and SM-like QCD NLO 
{dao/dpip, da^'^^^ /dpip and da^^^~^^^ / dpip) in FiglTl^a), and the distributions of final 
boson, dao/dpp, da^'^^^ /dpp and da^'^^^^'"^ /dpp, in Figl7](b) separately, in the conditions 
of = 500 GeV, m-g = 200 GeV, mi^ = 147.59 GeV and m^-^ = 337.34 GeV. We can 
see from Figsl7](a-b) that in the plotted transverse momentum Pp{pp) range, the LO dif- 
ferential cross section of dao/dppldao/dpp) is significantly enhanced by the NLO SM-like 
QCD and NLO SQCD corrections. The spectra of top-pair invariant mass, denoted as M^, 
at the LO and up to NLO SM-like QCD and NLO SQCD are depicted in FigH by taking 
^ = 500 GeV, m-g = 200 GeV, mi^ = 147.59 GeV and m^-^ = 337.34 GeV. We can see from 
the figure that when Mu < 400 GeV the NLO SM-like QCD and NLO SQCD corrections 
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Figure 6: (a) The LO, SQCD and SM-like QCD one-loop corrected cross sections for the 
process 77 — > tiZ^ in unpolarized photon colhsion mode, as the functions of scalar top- 
quark mass with = 600 GeV, m-g = 200 GeV and m^^ = 337.34 GeV. (b) The 
corresponding relative radiative corrections of Figj6](a) as the functions of m^^ . 

enhance the LO differential cross section da^o I dM^ obviously. 



V. Summary 

The future photon-photon collider would be an effective machine in probing precisely the 
SM and discovering the effects of new physics. In this paper, we have shown the phe- 
nomenological effects, due to the contribution from the NLO SQCD correction terms, can 
be demonstrated in the study of the top-pair production in association with a Z'^-boson 
via polarized and unpolarized photon-photon collisions. We discuss the relationships of the 
effects coming from the NLO SM-like QCD and complete NLO SQCD contributions to the 
cross section of process 77 — > tiZ^ , with colliding energy ^/s, gluino mass rrig and the 
lighter scalar top-quark mass m^-^, separately. The LO, NLO SM-like QCD and complete 
NLO SQCD corrected spectra of the transverse momenta of final top-quark and Z'^-boson, 
and the differential cross section of final tt-pair invariant mass are studied. We find that the 
pure SQCD correction to the cross section of process 77 tiZ^ is sensitive to gluino and ti 
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Figure 7: In the conditions of = 500 Gel/, rrig = 200 GeV, mf^ = 147.59 GeV and 
mf^ = 337.34 GeV, the LO, NLO SQCD and NLO SM-hke QCD corrected differential cross 
sections of process 77 — > ttZ^ in unpolarizcd photon colhsion mode, (a) The spectra of 
the transverse momentum of top-quark pip. (b) The spectra of the transverse momentum of 
Z°-boson pf. (c) The spectra of the invariant mass of top-quark pair M^f. 
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masses, and generally counteract the correction from the SM-hke QCD NLO contributions. 
Our numerical results show that when rrig — 200 GeV, m^^ — 147.59 GeV, m^^ — 337.34 GeV 
and ^/s goes up from 500 GeV to 1.5 TeV, the relative NLO SQCD radiative correction 
to the cross section of the 77 ttZ^ process in unpolarized photon collision mode, varies 
from 32.09% to -1.89%. And we find also the pure SUSY QCD NLO effects in 77 ^ tiZ^ 
process can be more significant in the + + polarized photon collision mode. 
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